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B-katenin, Wnt sinyallgnesinde bir efektor proteinidip-katenin mutasyonlari; otizm, kolon kanseri, giatisel
gecikme, zihinsel engel, ndrodejenerasyons, bderi, ve yiz anomalileri gibi ¢ok sayida hastahin
gelismesinde raporlanmtir. Bu hastaliklar, 6zellikle ekson 3 delesyonwacali p-katenin kisalmalariyla
ili skilendirilmistir. Bu nedenle B-katenin proteininin yabani tip ve ekson 3 delesyorformlarinin
fonksiyonlarini anlamak cok sayida hagel tedavisinde ilerlemeyi gkayabilecektir. Kontrolli deneyler
kurmak icin, yabani tip ve ekson 3 delesyoptaatenin formlarini kodlayan ve ayni organizmadéheklenen
ekspresyon vektoérlerine ihtiyac duyulabilmektedilepG2 hucrelerininp-katenin proteinleri bakimindan
heterozigot oldgu uzun zamandir bilindi icin, bu calgmada, yabani tip ve ekson 3 delesyonlu ekspresyon
vektorlerini HepG2 hiicrelerinin toplam RNA'sindalugpurmanin dgerli olabilecegi dustinulmistir. Bunun
icin, HepG2 hicrelerinden RNA izole ediktit, cDNA parcalari polimeraz zincir reaksiyonu (Ryile
cogaltilmistir, ifade vektorleri olgturularak 5’-uclarindan dizilenstir. BLAST analizi sonrasi hem ekson 3
delesyonlu hem de yabani tfpkatenin kodlayan pcDNA3.1/CTNNBL1 ifade vektorleniri. coli hiicrelerine
basariyla klonlandgl sonucuna varilngtir. ilging bir sekilde, HepG2 hiicreleri ekson 3 delesyonlu ifadtde

ile transfekte edildinde, B-katenin protein seviyesi etkilenmegtii. Dahasi hiicre morfolojisi ve populasyon
ikilenme zamani anlamli 6l¢liide @lgmemitir.
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The Transfection of HepG2 cells with Truncateds-Catenin
Coding Expression Vector

ABSTRACT

B-catenin is an effector protein in Wnt signalifigcatenin mutations are reported in the developroémany
diseases such as autism, colorectal carcinoma/apewental delay, intellectual disability, neurodeggtion,
skin, hair and facial anomalies. Exon 3 deletiordiaied truncations of th@-catenin associated with these
diseases. Therefore understanding the functiomgldftype and exon 3 deleted formsftatenin may provide
an enhancement in the treatment of many diseasagever, to conduct controlled experiments, thetddbe a
demand for the expression vectors that code fat tyjpe and exon 3 deleted formspetatenin and originated
from the same organism. Since it has long been kritvat HepG2 cells are heterozygous fferatenin, in this
study, it was found worthy of constructing the esgmion vectors from the total RNA of HepG2 cellseit the
utility of truncatedp-catenin coding pcDNA3.1/CTNNB1 expression vector fipregulation of truncatef-
catenin in HepG2 cells was examined. To this ediARvas isolated from HepG2 cells, cDNA fragmentgave
amplified by polymerase chain reaction (PCR), eggimn vectors were constructed then sequenced $fem
prime regions. Following the BLAST analysis, it wesncluded that both truncated and wild typeatenin
coding pcDNA3.1/CTNNB1 expression vectors were sasfully cloned irk. coli cells. Interestingly, when the
parental HepG2 cells were transfected with exoreldtdd expression vectd;catenin protein levels were not
affected. Moreover, cellular morphology and pogatatioubling time were not significantly altered.

Keywords Truncatedpg-catenin, Exon 3, Cloning, Wnt signaling, BLAST atgsis
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I. INTRODUCTION

B-catenin, or catenin (cadherin-associated protbeta 1, or armadillo protein, is coded from the
CTNNB1gene. The gene is 23.2 kb in length and has 16sexdowever, the first exon does not code for any
peptide. The mature CTNNB1 mRNA is 3362 nucleotidesength and 2343 nucleotides reside in the open
reading framef-catenin protein consists of 781 amino acids [Hogphorylation from N-term of-catenin
protein with the activities of the glycogen synth&snase -B (GSK-3) results in the degradation pfcatenin
and reduces the concentration of the protein byuhiquitin-proteasome pathway [2, Blcatenin turnover rate
is controlled by the interaction with the destranticomplex, which consists of Adenomatous Polyp@s$
(APC), Axin and GSK-B.

B-catenin is mainly localized in the cytoplasm; heee wnt ligands cause the accumulation of
cytoplasmicB-catenin and the accumulated proteins further koaage to the nucleus. In the nuclefissatenin
establishes heteromeric transcription factor cowgdewith the T cell factor-lymphoid enhancer factamily
proteins [4]. These complexes have been assumadtiitate oncogenes, which can promote cell praitfen
and inhibit apoptosis [5-10].

B-catenin mutations are observed in the developmery diseases such as autism [11], colorectal
carcinoma [12], developmental delay, neurodegeioerahair, skin, facial anomalies [13] and intetlesd
disability [14]. Exon 3 mutations are of the pautar interest in the ongoing researches. Indeedteased
cellular proliferation, enhanced immunosuppresdignthe exon 3 mutation di-catenin are reviewed [15].
Therefore understanding the functions of wild tygred exon 3 mutated forms @fcatenin could open new
avenues in the treatment of many diseases.

Researchers may need the wild type and truncatetsfof -catenin coding vectors in order to observe
the impacts of two different forms @fcatenin proteins in the controlled experimentsic8iit has long been
known that HepG2 cells express both truncated aitditype forms off3-catenin [16], it was predicted in this
study that the use of total RNA which was isolafedm HepG2 cells could facilitate the simultaneous
construction of truncated and wild typecatenin coding vectors. For this purpose, totalARMas isolated from
HepG2 cells and converted to the cDNA, then CTNNEBINAs were amplified with PCR, next expression
vectors were constructed, after expression vedmsed in theE. coli cells, further truncated and wild type
pcDNA3.1/CTNNB1 expression vectors were sequencedhsequently similarity of the sequences were
analysed in this study. Moreover, the use of trtettd-catenin coding expression vector for altering the
expression of-catenin was examined in HepG2 cells.

Il. MATERIAL AND METHOD
A. Cell Culture

HepG2 hepatocellular carcinoma cells (ATCC, HB-80&fbtained from Prof. Dr Hilya Sivas
(Eskisehir Technical University, Es§ehir, Turkey) were cultured as a monolayer in DMESIgma-Aldrich,
Munich, Germany) supplemented with 10% fetal bosdaeum and 1% penicillin (100 U/ml)-streptomyci®@l
pug/ml) in a humidified 5% C@atmosphere at 37 °C. Cells were detached froncthieire flasks with the
treatment of 0.25% trypsin/EDTA (Invitrogen, USA).

B. RNA Preparation and cDNA Synthesis

Total RNA was extracted from HepG2 cells with thee uof RNeasy Mini kit (Qiagen, Hilden,
Germany) according to the directions of the marnuf&c. The quantity and purity of isolated RNAs wer
analyzed with the NanoDrop (Thermo, Wilmington, US#evice. Next, 500 ng total RNA was converted to
cDNA with ProtoScript Il First Strand cDNA Syntheskit (NEB, USA) according to the manufacturers'
protocol

C. Primer Design

To clone truncated and wild type forms of matureNBIB1 mRNAs from HepG2 cells, CTNNB1
mMRNA sequence (NM_001098209.1) was gathered fraenNational Center for Biotechnology Information
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(NCBI) database. Coding regions containing stadt stop codons of mature CTNNB1 mRNA were seleated t
design the primers. By using the primer-blast ppogifrom the NCBI database, the primer pair wasghes.
Next, the Nhel restriction site and Kozak sequemneese added to the CTNNBL1 forward primer, then thmK
restriction site was added to the reverse primédre Tesulting forward and reverse primers were 5'-
TAATGCTAGCCACCATGGCTACTCAAGCTGATTTG-3’ and 5'-
CTCAGGTACCGCCCTCTCAGCAACTCTACA-3', respectively.

D. PCR Amplification of cDNA Fragment

Polymerase chain reaction (PCR) was performed %0 gl mixture containing 25ul of 2x Q5 high
fidelity master mix (NEB, USA) with MY, 1 ul of mixed dNTPs (0.2 uM each), 2ub of each specific primer
(0.5 10 pM), 0.54 of Q5 high fidelity DNA polymerase (1 ul) (NEB, USA), 4ul of template cDNA and 14l
of water. The PCR program was 98 °C for 30 secotias) 30 cycles of 98 °C for 10 seconds, 63°C for 2
seconds and 72 °C for 20 seconds, followed by 72f@ minutes. In the end, the PCR products warean
1.5% agarose electrophoresis.

E. Construction of the Expression Vectors

The PCR products were run on 1% agarose gel efguiresis then the DNA bands were cleaned by
QIAquick PCR purification kit (Qiagen, Hilden, Geamy) according to the guidelines of the manufacturae
purified PCR products were inserted into the Nhed &pnl sites of the pcDNA3.1/Hygro (Invitrogen, NS
expression vector (Invitrogen, USA) by double dtgeswith corresponding enzymes. Next, organic aotton
with phenol: chloroform was implemented to elimadhe restriction enzymes from the solution cortgn
digested PCR products and expression vector asiopsdy indicated [17]. Then, colon purification was
performed with Chromaspin TE-1000 (Clontech, Héidel, Germany) to eliminate the contaminating
oligonucleotides, salts and other chemicals furtiédter the concentrations of purified PCR produatsd
expression vector were assessed by NanoDrop (Thé#afihlmington, USA) device and the lengths of digekt
PCR products and expression vector were analysed98¢ agarose electrophoresis. The ligation reactias
set up with combining 10 ng vector and 30 ng PGRRipcts in 1x T4 DNA ligation buffer (NEB, USA).

F. Transformation, Selection and Validation of Recaraht E.coli Cells

The products of the ligation reaction were transied into E.coli DH5x cells. Next, transformed E.coli
cells were selected in plates of 100 pg/ml Amgititiontaining Luria-broth (LB/Amp) medium. ColonyCR
was performed to validate the truncated and wiitt€ TNNB1 inserts in the vectors.

G. Sequencing of Truncated and Wild Type pcDNA3.1/@NBkpression Vectors

Positive colonies were further incubated in LB/Ammgdium and plasmid isolation was carried out
using Nucleospin miniprep (Macherey-Nagel, Dureerr@any) with the instructions of the manufacturére
purity and quantity of isolated plasmids were eatdd with NanoDrop (Thermo, Wilmington, USA) device
Next, Sanger sequencing was performed by using Gddward primer in ABI Prism 3130 Genetic Analyzer
(Applied Biosystems, USA) which is available in@apany (Sentegen, Ankara, Turkey).

H. Analysis of Sequence Similarity

Database sequence similarity search in the BasialL&Alignment Search Tool (BLAST) program was
performed at the NCBI database to find out the seges that correspond to the truncated and wilé typ
pcDNA3.1/CTNNB1 expression vector sequencing data.

1. Stable Transfections and in-Cell Western Analysis

Transfections with truncated pcDNA3.1/CTNNB1 exgien vector and the empty pcDNA3.1/Hygro
plasmid were performed by using Turbofect Reagéhefmo, Germany) as previously described [18].riteo
to examine whether thp-catenin levels with the transfection of truncapeDNA3.1/CTNNB1 expression
vector in HepG2 cells, the in-cell Western analysés performed as previously described [18]. ByjeH,000
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cells were seeded to each well of 96-plate andbatad for 48 h. Next the cells were fixed with @sd
methanol for 10 minutes at -20 °C. Then the cebblseawashed with phosphate buffered saline (PBS3gr Alfie
cells were blocked in Odyssey blocking buffer (lricbincoln, USA). Further the cells were incubateith an
anti-catenin antibody (CST, Danvers, USA) in 0.1% Tw&6ncontaining Odyssey blocking buffer for
overnight at 4 °C in a shaker. Next the cells weashed with PBS/0.1% Tween-20. Then cells werebatad
with an Infrared IRDye800CW secondary antibody @rjcLincoln, USA) and cell tag stain (Licor, Linepl
USA) in 0.2% Tween-20 containing Odyssey blockingfér for 1 h in room temprature. Subsequently ell
were washed with PBS and imaged on an infraredngcai©dyssey, Licor, Lincoln, USA) using both 70@da
800 nm wavelength channels. The signals from 800wavelength were used for quantification fa€atenin
expression. The signals from 700 nm wavelength wexed for quantification of cell number. Data were
analysed with ImageStudio tool (Licor, Lincoln, USA

J. Morphological Observations

Alterations in the morphology of HepG2-tCTNNB1 eellwhich were transfected with
pcDNA3.1/CTNNBland HepG2-EV cells which were tracsééd with pcDNA3.1/Hygro were assessed by an
inverted microscope (BX 50, Olympus, USA).

K. Population Doubling Time Analysis

For the analysis of population doubling times, 3R cells were seeded into 8.5 £petri dishes. The
number of cells per dish was counted every day3fatays with a Cedex (Roche Innovatis, Germany) cell
counter. The population doubling time of HepG2-tQIBL and HepG2-EV cells were calculated with the
formula of “Population doubling time=Culture periad hours*In2/[In(Number of cells T=O/Number of k=l
T=1)".

L. Statistical Analysis

Statistical analyses, graphing were implementedising GraphPad (GraphPad Prism 6, San Diego,
CA, USA). Student t-test was used for differentiablyses and p-values less than 0.05 were condideree
statistically significant.

[ll. RESULTSAND DISCUSSION

Truncated and wild type forms of CTNNB1 coding mR&ihat are originated from HepG2 cells were
cloned inE. coli cells then sequenced in this research. The clostiagegy was consisting of the amplification
of truncated and wild type forms of CTNNB1 cDNAstkwthe same primer pair that is mentioned in théenel
methods section. Next, the amplified PCR produ@eevinserted to the Nhel/Kpnl sites of the pcDNA3yro
mammalian expression vector. Then the inserts wleeeked on the isolated vectors by the digestidh Whel
enzyme and run on standard 1.5% agarose gels étaitte ethidium bromide. As is shown in Figure Bnhbda
DNA-BstE Il digest (NEB, USA) which is the standdedider was loaded to the first lane. Digested paBN
expression vectors, in which the inserts were ttett and wild type forms of CTNNB1 cDNAs, were leddo
the second lane. Digested pcDNA3.1 expression w&ciio which the inserts were truncated form of GIBXL
cDNAs, were loaded to the third and fourth lanegeBted pcDNA3.1 expression vector, in which theeihwas
wild type form of CTNNB1 cDNA, was loaded to thétiilane. Based on the observations from Figuiiewas
concluded that the cloning experiment resultechan ¢onstruction of two different expression vectiiat are
different about 300-400 nucleotides in their sineorder to validate that these vectors code difieforms of-
catenin, the sequencing experiment was conductesh The resulting sequences were analyzed witBERAST
program to find out the similar sequences in tlieresmice RNA database.
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Figure 1. Validation of existence of the truncated and vtjide forms of CTNNB1 cDNAs in the pcDNA3.1 expressivectors that were
digested with Nhel enzyme and run on standard §&6ose gel, which was stained with ethidium bremicdambda DNA-BstE Il digest
(NEB, USA) standard ladder is in the first laneDPIA3.1 expression vectors coding for the truncated wild type forms of-catenin are

in the second lane. pcDNA3.1 expression vectorsngofbr the truncated form di-catenin is in the third and fourth lanes. pcDNA3.1
expression vector coding for the wild typeatenin is in the fifth lane

It was observed from the BLAST reports (Figure I2ttthe insert in the pcDNA3.1/CTNNB1 vector
was 99% homolog to the CTNNBL1 reference RNA seqgei€hidVl_001098209.1). In addition, the insert in the
truncated pcDNA3.1/CTNNB1 vector was also 98% hamgoto the CTNNB1 reference RNA sequence.
Truncated pcDNA3.1/CTNNBL1 vector has a deletiort ia348 nucleotides in length, which correspormls t
286-635 nucleotides in the reference RNA. Since deiletion may result in partial incorporation gbe 3 and
exon 4, the translatefgicatenin protein will be deprived of 116 amino acith the literature, this deletion has
been associated with the accumulationpefatenin, because the deleted site in the truncpiegtenin is
responsible for the phosphorylation executed by GSK. Moreover, N-terminaB-catenin phosphorylations by

GSK - 3B promote the turnover rate pfcatenin [16].
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Figure 2. Blast reports of wild type and truncated pcDNA@ettors. Red lines in the figure stand for refeeeR&NA sequence, black lines
for exons and the grey lines for query sequenced there subjected to BLAST analysis. The sequengad of wild type
pcDNA3.1/CTNNBL1 vector corresponds to the nuclesgidetween 222-1049 in the reference RNA (NM_002098). The sequenced
part of the truncated pcDNA3.1/CTNNB1 vector copasds to the nucleotides between 219-286 and 688-1r8 the reference RNA
(NM_001098209.1). Since truncated pcDNA3.1/CTNNRELtter has a deletion of 348 nucleotides in lengion 3 and exon 4 is partially
incorporated into the protein.

Then the parental HepG2 cells were transfected witincated pcDNA3.1/CTNNB1 vector and
resulting cells were growth under the antibiotiegaure. Next, the cells were investigated for frmatenin
expression. It was observed from the in-cell westeralysis that relativg-catenin levels were not significantly
different in HepG2/EV and HepG2/tCTNNB1 cells (Figw3). In the literature, it was reported tifatatenin
lacking its C terminus failed to accumulate Dmosophila melanogastef19]. In another study, the authors
suggested that the flexible C-terminal regio<atenin is intrinsically required for its stabdtion [20]. In this
study, the reason for the stable levelspetatenin by the transfection with truncated pcDNWGTNNB1
expression vector in HepG2 cells could not be eelab the poorer stabilization of truncataatenin by
deletion of its N-terminal region. Because trunddieterminal associated with the accumulgtechtenin [16].
Therefore, the explanation of this observation riesas a question for further studies.
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Figure 3. Transfection with truncated pcDNA3.1/CTNNB1 exgies vector was not significantly altered tBeatenin levels in HepG2
cells. RelativeB-catenin expressions, which were determined byelhwveestern analysis, were not significantly diéflet in HepG2/EV and
HepG2/tCTNNBL cells (p>0.05).
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Morphological analysis of HepG2-EV and HepG2-tCTNNBevealed that transfection with
pcDNA3.1/Hygro and truncated pcDNA3.1/CTNNB1 expgien vector was not significantly altered the
morphology of HepG2 cells (Figure 4).

HepG2-EV

HepG2-tCTTNB1

Figure 4. Morphological comparison of HepG2-EV and HepG2MDIB1 cells indicated that these two cells were sighificantly
different from each other. Scale bars are 50 um

As indicated in Table 1 population doubling timesrev26.03 and 26.56 for HepG2-EV and HepG2-
tCTNNB1, respectively. The population doubling tenef HepG2-EV and HepG2-tCTNNBL1 cells were not
significantly different. Therefore, transfection tivi pcDNA3.1/Hygro and truncated pcDNAS3.1/CTNNB1
expression vector was not significantly alteredgbpulation doubling times.

Table 1. Population doubling times for HepG2-EV and HepGZNBIB1 cells. Data are shown as Mean + SEM of tlinelependent
biological replicates.

Cell Line Population Doubling Time (h)
HepG2-EV 26.03+2.9
HepG2-tCTNNB1 26.56+3.0

V. CONCLUSION

In this research, two different forms of CTNNB1 ouwglcDNAs were simultaneously inserted into the
pcDNA3.1 vector. Sinc@-catenin is an essential mediator of cell-cell aitve and a transcription factor in the
Wnt pathway, this cloning experiment can be consideas an initial step for conducting further exments
that aim to understand the different functions rihtated and wild typ@-catenin proteins in the cell. In
addition, transfection with truncated pcDNA3.1/CTBINexpression vector was not altered ftheatenin levels,
morphology and population doubling times in Hep@3Hsc Therefore it is not a good idea to upregutht
expression of the truncated form pfcatenin by using truncated pcDNA3.1/CTNNB1 expi@ssvector in
HepG2 cells.
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